The traditional approach to quality control in microbiology involves the routine testing of both media and reagents with live microbial cultures. This is expensive, time consuming, and subject to the variables associated with the use of live organisms. A system of reagent quality control based on the pure chemical form of the metabolic end products important to the identification of the Enterobacteriaceae was evaluated. The metabolite reagent control system is simple, reliable, and extremely cost effective, and it eliminates the need for live microbial cultures and media for reagent quality control.
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Hospital and independent clinical laboratories, seeking accreditation by private accrediting organizations or licensure and certification from state and federal agencies, are required to practice quality control of microbiological reagents when they are initially prepared or received and each day of use thereafter (1, 2, 4).
Many clinical laboratory personnel find these requirements burdensome, particularly in those laboratories involved in the identification of the Enterobacteriaceae. Because most of the reagents used for the identification of the Enterobacteriaceae are used in conjunction with several specific media, each of the media must also be used each day as part of the quality control check of the reagents. Other authors (1, 2, 6) have suggested alternative quality control schemes to reduce or eliminate the media that are needed to test the reagents. However, all of these alternatives still require the use of live microbial cultures, with all the risk and cost associated with maintaining such cultures.
No system can eliminate the need for routine quality control testing of new lots and batches of media. However, the metabolite reagent control system (MRCS), reported here, does eliminate the need for both the media and the live microbial cultures for daily quality control testing of these reagents.
MATERIALS AND METHODS Media. All media were prepared in my laboratory media preparation section within 1 week of their test use. The media were prepared from commercial bases in accordance with the manufacturers' directions.
Stock cultures. In-house stock cultures of the quality control organisms recommended by the Centers for Disease Control (3, 8) were used for the conventional tests ( Reagents. Kovacs, Voges-Proskauer (V-P), and nitrate reagents and ferric chloride were prepared inhouse within 1 week of their use. Moeller arginine broth (Difco Laboratories) was employed as the guanidino group for the V-P reaction (11) in the 3-hydroxy-2-butanone test.
Test procedure. Typical, well-isolated colonies of the appropriate organisms (Table 1) were chosen from the blood agar plates and used to inoculate the five conventional media. All cultures were incubated at 35 to 37°C for 18 to 24 h in air. At the end of this period, the specified volume of the appropriate reagents (9) was added to each of the cultures. A 1:100 dilution in distilled water was made from each metabolite stock solution. This yielded a solution containing 100 ,ug of metabolite per ml. Serial dilutions were prepared from this solution to give a 10-,ug/ml and a 1-,ug/ml test solution. Samples (4 ml) of the 100-and 1-,ug solutions were dispensed into disposable glass screw-capped test tubes (16 by 125 mm). The same reagents were then added to these tubes in the same manner as to the cultures. The MRCS reactions were compared visually with the culture reactions. MRCS reactions that appeared equal in intensity to the reactions of the positive control cultures were graded at +3. Lesser reactions were graded at +2, +1, +w. Stronger reactions were graded at +4 or +5. The MRCS reactions that matched those of the negative control cultures were graded as negative (-). The metabolite solvents served as the metabolite negative control. 
RESULTS
The indole-3-pyruvic acid was golden tan before the addition of the reagents. All other metabolite solutions were colorless before the addition of the reagents. Upon the addition of the reagents, the color reactions that resulted were graded in intensity. The 10-p,g/ml solutions of the pure, chemical, metabolites for Kovacs, 10% ferric chloride, and V-P reagents yielded color reactions that were equal in intensity to the bacterial controls used in the conventional procedure (Table 2) . A 1-,ug/ml solution of nitrite yielded results comparable to those of the conventional procedure.
Stability studies were performed at 60 days and again at 4 months. The beta-phenylpyruvic acid and indole-3-pyruvic acid exhibited slight deterioration at 4 months. All other metabolite solutions continued to exhibit a 3+ reading at a 10-,ug/ml concentration.
DISCUSSION
In this age of spiraling medical costs, all laboratories are under severe pressure to reduce laboratory expenditures (10) . At the same time, however, the increasing complexity of laboratory procedures (5) coupled with the escalating frequency of litigation (12) requires that extensive, frequent, and expensive quality control testing be performed. This problem has been particularly acute in microbiology laboratories (13) , and many microbiologists have been seeking alternative, cost-effective methods of assuring test integrity. In recognition of this problem, the Centers for Disease Control now accepts alternative methods of reagent testing (8) . The niacin-or metabolite-impregnated disk used for quality control of the niacin test reagents employed in mycobacteriology is an example of an accepted, alternative method. Basically, the procedure offers a very sensitive and specific means of monitoring the biochemical reagents, because known quantities of pure chemicals are utilized. Until now, an alternative quality control method, such as this one for mycobacteria, has not been reported for the Enterobacteriaceae. The purpose of this study was to evaluate the use of metabolite solutions to monitor the reactivity of the reagents used in the identification of the Enterobacteriaceae. Both beta-phenylpyruvic acid and indole-3-pyruvic acid were utilized in this study as metabolite solutions for the ferric chloride reagent. Although the beta-phenylpyruvic acid exhibited slightly greater stability, we found that either metabolite solution could be used to verify the reliability of the ferric chloride reagent. The cost of using either conventional media or a commercial enteric identification system for the quality control testing of reagents is substantial. The media costs range from $0.92 per day (6) (6) . This cost is markedly less than the cost of daily reagent testing with conventional or existing commercial systems. Because of its low cost, the MVQC is an excellent alternative to these existing reagent quality control testing procedures. When a micro volume technique as described by Hicock and Marshall (6) is employed with MRCS, the total cost of reagent quality control is reduced from <$1.006 to $0.149 per day.
In using the conventional approach to reagent quality control, if the system fails, the fault may lie in the media, the reagents, or the microbial controls. The action of the microbial cultures, in turn, is subject to many variables, including inoculum size, age and viability of the culture, incubation time, and incubation temperature. Most importantly, the traditional approach to daily reagent quality control is subject to all the physiological variables inherent in biological systems. Microbiologists have neither knowledge of nor control over the actual amount of metabolite that an organism produces from one day to the next. Because MRCS employs known, standardized levels of metabolites, it is a far more sensitive and reliable method of monitoring reagent deterioration. MRCS is free of all of the variables and possible errors intrinsic in the use of live bacteria and conventional culture media in the daily monitoring of reagent performance and acceptability. No system can eliminate the need to control new lots and batches of media. These must still be checked with live microbial cultures. However, MRCS is superior to all traditional approaches to daily reagent quality control testing.
Because of the sensitivity, reliability, simplicity, and cost effectiveness of the MRCS, it is an ideal alternative to the current method of daily testing of Kovacs, nitrite, V-P, and 10% ferric chloride reagents.
